Identifying the Biphasic Role of Calcineurin/NFAT Signaling Enables Replacement of Sox2 in Somatic Cell Reprogramming.
Induction of pluripotency with defined factors (octamer-binding transcription factor 4 [Oct4], SRY (sex determining region Y)-box 2 [Sox2], Kruppel-like factor 4 [Klf4], c-Myc) raises hopes for successful clinical trials. Despite considerable efforts, the molecular mechanism of reprogramming remains poorly understood. The aim of the present study was to identify the role of calcineurin/nuclear factor of activated T cells (NFAT) in reprogramming. Our results demonstrated a biphasic role for calcineurin/NFAT signaling during reprogramming. In the early phase of reprogramming, calcineurin activity is required to maintain proper cell cycle division and for mesenchymal-epithelial transition. In the late phase, calcineurin exerts a negative effect that is mediated by NFATc2. NFATc2 interacts with Hdac3, Ezh2, and Suv39h1 to increase H3K9me3 and H3K27me3 over the Sox2 enhancer and Klf2 promoter, respectively, resulting in the downregulation of their expression. Moreover, Gαq was identified as a positive upstream regulator for calcineurin. The Gαq/calcineurin/NFATc2 axis negatively regulates the late step of reprogramming. By inhibiting NFATc2 or calcineurin, induced pluripotent stem cells could be established without exogenous Sox2. Thus, the present study revealed another regulatory level of reprogramming, and proposes a biological axis that could be useful for cancer therapy. Stem Cells 2017;35:1162-1175.